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Streptogramin antibiotics are mixtures of two chemically 
unrelated A and B compounds that act synergistically in vivo 
against gram-positive pathogens, such as staphylococci, strep- 
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pounds is very widespread among enterococci and is mediated 
via the ermB gene duster (e.g., on Tn9/7) that confers mac- 
rolide-lincosamide-streptogramin B resistance (7). The syner- 
gistic mixture of streptogramins A and B overcomes resistance 
to B compounds but is inactive in resistance to A compounds. 
The only known resistance mechanism against streptogramin 
A compounds in enterococci is mediated by the streptogramin 
acetyltransferase SatA (9). Enterococcus faecium isolates with 
satA -mediated resistance have been found in samples of hu- 
man and animal origins, indicating a possible spread of resis- 
tance genes or resistant bacteria among different ecosystems 
(10). 

We isolated a quinupristin-dalfopristin-rcsistant E. faecium 
UW1965 from a sewage treatment plant in Germany. The 
resistance determinant was transferred to a susceptible recip- 
ient, producing the transconjugant UW1965K1. UW1965K1 is 
resistant to quinupristin-dalfopristin (MIC a 16 fig/ml) and 
virginiamycin M (A compound; MIC, 16 jig/ml), whereas the 



MIC of each antibiotic for the recipient was 1 u.g/ml. PGR 
amplification for the satA gene was negative. 

In staphylococci, resistance to streptogramin A compounds 
is uicdiatcu by two rricCimfiisriiS. (i) aCciyiiuiun of the strepto- 
gramin A via acetyltransferases (Vat, VatB, and VatC [1-3]) 
and (ii) efflux due to an ABC transporter (Vga and VgaB [4, 
5]). PCR amplification for the vat, vatB, vatC, and vga genes 
failed to produce any product. The putative protein sequences 
of the known streptogramin acetyltransferases in staphylococci 
and enterococci contain three conserved motifs (2). Corre- 
sponding primers, satl and sat), have been made, producing 
a 144- to 147-bp fragment for vat, satA, and vatB (2). PCR 
performed with these primers resulted in a ca. ISO-bp fragment 
for UW1965K1. A digoxigenin-labellcd probe of the amplified 
fragment was prepared, hybridizing with a 5.5-kbp fragment of 
EcoRI-digcsted plasmid DNA from the transconjugant. The 
corresponding plasmid fragment was cloned into pUC18 and 
sequenced. 

The resulting DNA sequence (Fig. 1) did not show signifi- 
cant identity with other gene sequences from GenBank on the 
DNA level (6). One suitable open reading frame (ORF) was 
found, giving rise to a putative 2 14-a mi no-acid (214-aa) pro- 



ODD 

1 cggtacccgg ggatcctcta gactataatt aaaattaaat aactcaattc_ggagptacta 
□tort prioor aatai 

61 adafcSa ctat acctgacgca aatge aatet atcctaactc agecatcaaa gaggttgtct 
JST I PDA NAIY PNS AIK EVVF 

no-cotlg I 

121 ttatcaagaa cgtgatcaaa agtcccaata ttgaajattgg ggac tacacc tsttatgatp 

I K N V I K S P N I E V-0 k) Y W IT V 0 5 

181 acccagtaaa tcccaccgat tttgagaaac acgttaccca tcactatgaa tttctaggcg 

PVN PTD FEKH VTH HYE F L G D 
241 acaaattaat categgtaaa ttttgttcta tcgccagtgg cattgaattt | ateatgaaegj 

KLI IGK FCSI ASG IEF IHHO 

pn-cotlt II 

301 igtgccaacca cgtaatgaaa ggtatttcga cttatccatt taatatttta ggtggcgatt 
1 — 5 — g — S V M K GIST YPF NIL GG D W 

361 ggcaacaata cactcctgaa ctgactgatt tgccgttgaa aggtgatact gtagt jggaa] 
QQY TPE LTDL PLK GDT VVOW 
on-cotlg III 

421 la tgacgtgtg gtttgggcaaj aatgtgaccg tcctaccagg cgtaaaaata ggtgacggtg 
' S3 — V — P — 0 — 13 N V T V LPG VKI GDGA 

481 ecattategg agcaaatagt gttgtaacaa aagaegtege tccatataca attgtcggtg 
IIC ANS VVTK D V A PYT IVGG 
prioor oata2 

541 gcaatccaat tcaactcat c ggaccaagat ttgaacc gga agttattcaa gcattagaaa 
NPI QLI GPRF EPE VIQ ALEN 

601 atctggcatg gtggaataaa gatattgaat ggataactgc taatgttcct aaactaatgc 
LAW WNK DIEW I T A N V P KLMQ 

otop 

661 aaacaacacc cacacttgaa ttgataaaca gtttaatgga aaa^tagaaa caaaaaagee 

TTP TLE LINS LME 
721 gtgcaagcaa tccaaaaatg attgtttaca cggcctttac tatttagtga atccaattta 

781 ttaataatag atatgatata ccagtaaaaa atacactagc cacctctggc ggtactctac 

841 tegtatattt tatttacgac cttctgatga taaaggtcac ttccctgtcc ccagaaaata 

901 aagc 

FIG. I. A 904-bp sequence located on the 5.5-kbp cloned fragment in pUC18 (GenBank accession no. AFI.W725). The ORF begins at nucleotide 63 with an ATG 
start codon preceding a putative ribosomal binding site (RBS) (double-underlined) at positions 50 to 57. The predicted gene sequence encodes a protein of 214 aa which 
shows significant homology with other streptogramin acetyltransferases (aa motifs I, II, III; see also Fig. 2). The locations of the primers satGl and satG2, specific only 
for the satG sequence, are underlined (plus strand). 
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SatG: 1 M TIPDANAIYPNSAIKEWFIKNVI-KSPNIEIODSOTn>DPVNPTDPBKHVTHHYEPLX3DKLI 63 

VatB: 1 MX YGPDPNSIYPHEBIKSVCFIIOn'I-TWPNIITOW^ 64 

VatC: 1 MXWQNQQGPKPBBIYPIBCmKHVQFIKP5I-TKPNILVQBVSnTOK-Z» 67 

SatA: 1 M CPNPMIQffPIBGNKSVQPIKPILBKLBWKWU^ 62 

Vat: 1 MNLNNDHGPDPBNILPIKQKRNLQFIKPTI -TOEWI LWaVBXVD SKRGBS - PEDQVLYHYEV IODKL I 6*7 



Cotifi II Cotifi XXX 

SatQ: 64 ICKFCSIASQIBFinaaMXnO^ 128 

VatB: 65 IOKFCAIABQIBPXjsiga^^ 129 

VatC: 68 unCFCSICPOTTTBX^ 131 

SatAt 63 IGKFCSiaPGVriXEE3E^^ 126 

Vat: 68 IGRPCSXGKnTFXt£&cilEra^ 131 



SatG: 129 T^PGVKIGDGAIIGANSVVTKDVAPYTIVGGNPIQLIQPRPBPEVIQALENtAW 183 
VatB: 130 TvnrtIw:GDGAIVAAK3\T»TKDV?rY^I ICCNTSRI I^P.PSTELIDYLl^IKw 184 
VatCt 132 TIMPGVKIO^IIAAKSVWKNWPYSVVGONPSRLIKIRPSKEKIAALLKVRW 186 
Sat Ai 127 VIMPGVKIGDGAIVAANSVVWDIAPYKUVGCJNPANEIKORPDODrriNQLLDIKW 181 
Vat: 132 TIMPGVKIGKJAIIAABAVVTKNVAPYSIVGGNPLKPIRKRPSDGVIKKWLALOW 186 
• • *•**• * • ♦ • •* » • # * 



SatO i 184 WNKDIEWITAWVPKLMQTTPTLELINSLMKK 214 
VatBi 18S WDWSAQKlPSNLSTLCflS--DLEKIK3IRD 212 
VatC: 187 WDLEXETINEN1 198 
SatA: 182 WNWPXDXXNBNI0K1LDNSXIRRVI 206 
Vati 187 WNLDKK X INBNLP 199 
* * t 

FIG. 2. Alignment of amino acid sequences of acctyltransferascs from staphylococci and cnlcrococci ( 1-3. *>) conferring resistance to stroplogrnmln A unt thin tics. 
Identical residues are indicated by asterisks. Highly conserved regions in different streptogramin A uceiyltrunsfcruscs— moilfs I, II, itnd III— arc boldfaced. Primers sail 
and natJ have been designed on the basis of the corresponding nucleotide sequences In motifs II and III (2). 



tein. A comparison of amino acid similarities indicated rather 
significant homology between streptogramin acetyltransferases 
and the new putative acetyltransferase, designated SatG (Fig. 
2)* Based on the sequence for satG, two primers, satGl and 
satG2, have been designed. Preliminary results of a search for 
streptogramin-resistant enterococci (£. faecium, E. hirae, and 
£ durans) revealed the existence of the satG gene in 9 of 23 
isolates from sewage, 6 of 24 isolates from broiler samples, and 
all 17 isolates from poultry manure. Of 62 quinupristin-dalfo- 
pristin-resistant E. faecium (QDREF) isolates from hospitals 
in Germany, 9 were positive for satG. The high number of satG 
QDREF isolates from poultry meat and manure may be due to 
selection of these bacteria by use of virgintamycin as a feed 
additive, and spread of the resistance via the food chain to 
humans is very likely. This hypothesis is being investigated. 
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